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Abstract
The operational phase in train traffic control is very complex and dynamic. Many different actors are involved. The traffic control 
organization is complex in itself and consists internally of different roles in different parts of the organization, such as 
dispatchers, signallers, regional and national coordinators etc. The railway companies, railway undertakings, have their own 
complex organization and systems. Train drivers and on-board personnel are involved in driving and support of passengers. 
Passengers and other customers require precise information. Today there are no information or control systems that support 
efficient coordination of actions and cooperation between actors. Systems for common access to central information, such as the 
current traffic plan, do not normally exist. The result is non-optimal performance and difficulties to handle perturbations and 
disruptions. We have studied new principles for traffic control and developed support systems based on the principle ‘control by 
operational re-planning’ of a continuously updated real-time traffic plan (RTTP). This concept also includes the use of 
automation, but only in a way that cannot reduce skills, situation awareness or the possibilities to handle all such situations that 
automation are not designed for. Support systems for traffic controllers have been developed and evaluated and found to be 
useful in both normal and disturbed traffic situations. Studies have indicated that today’s driver advisory systems provide too 
little information, e.g. only a speed advice, and do not improve drivers’ skills or their situation awareness. In a research project, a 
prototype for a new driver advisory system has been developed, in cooperation with a group of experienced drivers. 
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1. Introduction
National railway systems are very complex, with high demands concerning efficient use of the available 
infrastructure capacity, optimal solutions to perturbations and disruptions, timeliness, and customer service. 
Different organizations and actors are involved in the traffic planning and operational processes. The infrastructure 
manager (IM) is normally responsible for timetabling, traffic control and planning of maintenance. A number of 
railway companies (RU, railway undertakings) are responsible for freight and passenger transport and services and 
for rolling stock and crews. 
We will in this paper focus on operational traffic, meaning train driving, traffic re-planning and control in or close 
to real-time. In earlier research we have analysed the work performed by traffic controllers and train drivers [1,2].
A major problem in the collaboration between different actors in train traffic control is the frequent need for oral 
communication. The main reason for this is the lack of a common, up-to-date traffic plan. Most actors in operational 
train traffic have access to a daily plan based on the original timetable. However, it lies in the nature of railway 
traffic, that this plan is most often obsolete. As a consequence, any actors following this outdated plan can only sub-
optimise their behaviour, which may lead to further conflicts and perturbations and an overall poor performance,
We will introduce a number of necessary basic concepts for future improved train traffic control and operation 
and present solutions based on these principles. The main central concepts are: control by operational re-planning 
and automatic execution, the real time traffic plan (RTTP) and centrally guided train operation (CGTO). Based on 
these concepts, new support systems for traffic controllers and train drivers have been developed in Sweden and 
resulted in improved operational re-planning, communication, collaboration, timeliness and energy consumption.
2. Related work
Compared to aviation and road traffic, human factors research in railways has been sparse, but its importance has 
grown and it offers many interesting challenges [3]. Two major parts in operational traffic are traffic control and 
train driving. Studies in e.g. Switzerland and the Netherlands have discussed possibilities for, and effects of, better 
integration of traffic control and train driving [4]. 
Earlier studies have analysed the traffic controllers’ tasks, support systems, and other aspects of their work. 
Examples are studies concerning situation awareness [5] analysis of the operators’ disruption handling, design of 
decision support systems [6], and analysis of graphical support tools in traffic planning at stations [7]. However, few 
studies are dealing with development, implementation and evaluation of new systems for operational train traffic 
control. 
In recent years, many driver advisory systems (DAS) for train drivers have been developed and implemented [8]. 
We can distinguish between connected driver advisory systems, which can display updated information obtained 
from the traffic control centre, or plain driver advisory systems, which show driving recommendations only based 
on the original timetable [9]. 
Another important aspect is the automation of parts of the train traffic control actions. Automation reaches from 
relatively simple automated route setting systems, with numerous disadvantages [10], to advanced algorithms to 
support the dispatchers [14]. However, a key problem is the integration of such algorithms into the human 
dispatchers’ control and support systems.
3. Railway traffic in Sweden
The organization of railway traffic and its control differs considerably between countries. This influences 
research as well as possible solutions. In Sweden, control takes place at eight centralized traffic control centres. The 
traffic controller has both the role of the dispatcher who re-schedules the current traffic plan with respect to 
perturbations and disruptions, and the signaller who executes the plan by controlling train paths, points and signals. 
In most other countries the roles of dispatcher and signaller are separated and performed by different professionals 
at different work places. 
Basic research concerning train traffic control in Sweden started almost 20 years ago with analysis of the work of 
traffic controllers in Sweden [11]. This research identified the need for new control strategies for traffic controllers 
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and resulted in a new operational planning tool for train traffic control, called STEG (Swedish: Control by 
Electronic Graph). 
In another project, the DAS system CATO (Computer Aided Train Operation) was developed by Transrail [12],
which is connected to STEG. CATO receives information about the current traffic plan and calculates a speed 
profile, optimized for energy saving, reduction of wear, and on-time performance. The current plan and speed 
profile are displayed to the driver. GPS data and feasibility of the plan are reported back to the traffic controller.
STEG and CATO can improve collaboration between train drivers and traffic controllers, which today suffers 
from imprecise information (track circuits and signals), and act according to different plans (original timetable vs. 
plans updated in real time) and information (overview of the whole traffic situation vs. knowledge about the own 
train and situation at the tracks), which can lead to conflicting sub goals and sub optimization [13].
4. The Real Time Traffic Plan (RTTP)
If a common real-time traffic plan does not exist, the problem of different plans arises. Instead of following a 
common plan, the actors in the process will have to maintain their own plans. These plans will differ significantly. 
The more these plans differ, the more likely it is that actors sub optimise and act in a way leading to further conflicts 
and disruptions. When actors have different plans, and cannot communicate, this will result in non optimal 
performance.
The original time-table is the traffic plan produced in advance, basically on a yearly basis, often with ad-hoc 
changes as a daily plan. Whenever, during operation, any delays, perturbations, disruptions, technical disturbances 
etc. occur, the operational plan must be updated, given the present situation. It is the role of the operational traffic 
controllers (dispatchers etc.) to continuously update the traffic plan. This means that the original plan is obsolete –
something that frequently occurs in most rail traffic systems. With the real time traffic plan (RTTP), we mean one 
common continuously updated traffic plan, describing all relevant aspects of how the traffic is planned just now 
(arrival and departure times, train order, track usage, planned maintenance work etc). This plan must be common, 
and made available to, all involved actors. We will here not discuss the technical implementation of an RTTP, but 
only on the concept and its operational importance and use.
Our proposed RTTP allows collaboration of both human actors and automated systems, and sharing of this plan 
between different actors and organisations. The RTTP combined with an automatic execution have been included in 
the requirements specification for the future train traffic control system in Sweden and adopted by the European On-
Time project [14].
5. Operational re-planning and the STEG System
We have identified the need for a common and shared real-time traffic plan. The new traffic control system 
should support the traffic controllers in identifying perturbations and conflicts, perform re-planning actions and 
evaluate different solutions as early as possible. This will improve the quality of the RTTP and give other actors 
more time to act, react, and perform their own planning. Changes in the plan can be made early and the problem of
changing plans close to real time can be reduced. The controllers can act proactively.
A system called STEG is our implementation of a user interface for train traffic controllers’ operational re-
planning. STEG visualizes the RTTP and traffic situation (train movements, conflicts, maintenance work etc.) and 
supports re-planning actions. Each STEG workstation is limited to the controller’s authority area, i.e. it displays a 
defined part of the RTTP. The total RTTP is common to the traffic system as a whole. 
Fig. 1 shows a small part of the STEG user interface. Most important is the planning view, the time-distance 
graph. The train graph contains a lot of information such as a trains’ planned speed, stops, meetings with other 
trains, deviations from original timetable etc. This train graphs in the planning view represent the RTTP.
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5.1. Automatic execution
A main functionality for supporting the traffic controllers is the automatic execution function implemented in the 
traffic control system. It sends requests for route setting based on the RTTP, but does not interfere with the planning, 
i.e. it only executes the RTTP exactly as it is specified by the traffic controller (non-autonomous automation). This 
automatic execution does not require manual route setting. Evaluations have shown that the traffic controllers are 
using the released cognitive capacity to concentrate on their key-task of more optimal traffic planning and conflict 
resolution.
6. Centrally Guided Train Operation (CGTO)
When a traffic controller updates the RTTP, it must be made known to the train drivers. Otherwise they will drive 
according to a plan that is obsolete. The traffic controllers also have to generate a plan that uses the trains’ and the
drivers’ potential to drive optimally. We therefore need systems that allow information transmission from the traffic 
control centre to the train drivers and vice versa, in order to give the traffic controllers feedback on their plans.
Fig. 1. A part of the STEG user interface for operational re-planning. The graph can easily be adjusted via mouse clicks and the scroll wheel is 
used for direct planning and conflict resolution in the graph. The traffic controller can perform re-planning actions directly in the graph. Conflicts 
of different nature are identified and visualized as yellow symbols.
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Fig. 2. The CATO user interface, supporting the drivers to follow the RTTP.
STEG automatically generates target points based on the current plan. These target points can be sent to the train 
and displayed in the driver’s cabin. Target points include information about place (position and track number), time 
restrictions (arrive/leave before/after), action (stop or pass), and reason (meeting, overtaking, stop, or maintenance). 
The concept of target points gives the train driver the possibility to follow the RTTP, while the traffic controller will 
get feedback if a plan is unrealistic. This is a basic way of sharing the traffic plan. 
Fig. 2 shows, as an example, the CATO system [12], which is implemented in the iron ore trains in northern 
Sweden. The information in the user interface supports an optimal driving style, regarding safety, on-time 
performance, reduction of energy consumption and wear, and improved comfort. Central is a speed profile, based on 
several sources of information such as the RTTP, infrastructure details (e.g. geography and speed limits), and train 
properties. The DAS can also recommend when it would be optimal to coast or reduce speed. We see the speed 
profile as a recommendation that should be optimal under perfect conditions. Train drivers who follow and 
understand the profile will be encouraged to develop their driving skills. It is easier for drivers to accept the speed 
recommendation, when they understand the information it is based on. Therefore, we suggest to include information 
that gives the train driver better understanding of the current surrounding traffic situation. 
This is the basic idea behind the concept centrally guided train operation (CGTO). The train drivers are supported 
to drive according to the RTTP, but are allowed to use their driving skills to perform optimally.
7. Results
The described concepts, control systems and user interfaces are implemented and tested. STEG is used at an 
entire traffic control centre in northern Sweden. All iron ore trains owned by the Swedish mining company LKAB 
are equipped with the CATO DAS-system. CATO is connected to STEG. The structure of the combined concepts is 
illustrated in fig 3.
2887 Bengt Sandblad et al. /  Procedia Manufacturing  3 ( 2015 )  2882 – 2888 
Fig. 3. The figure illustrate the concepts of control by operational re-planning, the real time traffic plan (RTTP), automatic execution and 
centrally guided train operation (CGTO).
7.1. Evaluation
The concepts presented in this paper have been evaluated qualitatively. Recordings from STEG and CATO have 
been recorded and analysed and users have been interviewed. In earlier studies [15], we have concluded that traffic 
controllers experience better decision support from STEG, since it allows easier and precise identification of train 
positions, movements, and upcoming conflict. Traffic controllers reported to be able to generate plans with more 
precision and a longer planning horizon, leading to more satisfying communication with train drivers and fewer 
situations where last-minute changes were necessary.
8. Conclusions
We have investigated a major problem that exists in today’s railway traffic: The mismatch between the actual 
operational traffic plan and the information that is available to different actors involved in operation of railway 
traffic. Our solution to this problem is, firstly, the development of a common and continuously updated real-time 
traffic plan (RTTP) and, secondly, sharing of this RTTP among the actors. 
STEG, a tool for support of real-time traffic re-planning, has been shortly presented. Important concepts of the 
STEG user interface are support to identify conflicts, direct re-planning in the graphical interface and automatic 
execution of the traffic plan without possibilities for automation to change it. 
Driver advisory systems (DAS) play an important role for train drivers to follow the RTTP. Only if the train 
drivers can observe and understand the current traffic plan, efficient and precise driving according to the controllers’ 
plan is possible (centrally guided train operation). This in turn facilitates more precise traffic control and reduces the 
need for re-planning. 
If systems as those discussed above are implemented, collaboration between the different actors in the whole 
traffic process can be supported and clearly improved. Acting cooperative towards the same goal, i.e. to generate 
and follow an efficient RTTP, based on specified rules, priorities and the context, is necessary for efficiency and 
customer service.
In the future it will be important to include also other actors better in the traffic management process, e.g. railway 
undertakings and maintenance operators.
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